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Presenter
Presentation Notes
We will start off with a little quiz. What do these things have in common: O’Hare Airport in Chicago, a yellow perch, the computer you use at home, and this handsome guy - Kevin Bacon? Each of these is an important node in a network. O’Hare airport is a heavily trafficked node in the air transportation network of the United States. The perch is an important player in the food web network of Little Rock Lake in Wisconsin. Your computer is somewhere in this this vast network we call the internet. Finally, Kevin Bacon is at the heart of this network, where points represent movie stars and edges between points mean that two actors have costarred in at least one movie. Networks are all the rage in society and science.Tonight I’m going to show you that they are more than just a fad, they actually are helping us to understand and control the spread of infectious diseases.



Tonight …

I. Infectious diseases, past and present

II. How math helps us fight disease

III. Disease transmission networks

IV. Who gets the flu shot?

Presenter
Presentation Notes
Here is tonight’s agenda. First I’ll present an overview of infectious diseases and one in particular that’s on everybody’s mind - the flu. Then I’ll tell you how math can help us fight infectious disease, and about a specific mathematical approach to predicting diseases that involves networks. Finally we’ll see how networks can help us figure out who should get flu shots.



An epidemiologist studies the patterns, causes, 
and control of disease in groups of people.

Presenter
Presentation Notes
Epidemiology is the study of the patterns, causes and control of disease in groups of people, and epidemiologists are the people who do it. You will find epidemiologists work in universities, hospitals, HMO’s, health insurance companies, and local, state, federal or even international health agencies.



Vector-borne (fleas)

Contact Sex/Needles

Bubonic Plague

Water-borne
Cholera

Smallpox HIV

Modes of Transmission
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The infectious diseases that epidemiologists help us fight are scary. They have the potential to kill large numbers of people, and can spread through almost any means imaginable. In 1347, Bubonic plague struck Europe. Within five years, one third of the people in Europe had died from Plague. Plague is a vector-borne disease, and the vectors that transmitted the disease to people were fleas that lived on the backs of rats. They spread disease by biting an infected rat and then biting an infected person. Cholera spreads through contaminated water and food, and causes severe diarrhoeal illness. It has been causing global pandemics since the 1800’s and still kills thousands of people each year. Smallpox is an example of a disease that spreads through direct face-to-face contact between people. An infected person develops high fever and rash and has about a 30% chance of dying. It has been around for thousands of years, and was finally eradicated from the US in 1949 and from the world in 1977, thanks to vaccines. We’re all familiar with virus HIV and the disease causes, AIDS. It’s spread through the direct exchange of bodily fluids, which can occur during sex, if people share needles, or receive blood transfusions. The first human cases occurred in 1978 in the US, Sweden, Tanzania, and Haiti. To date, its estimated that AIDS has killed over 500,000 people in the US and over 25 million people in the world. Over 40 million people are infected today. 
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Now let’s talk about the one everybody is afraid of … the flu.  The CDC estimates that flu typically causes 36,000 deaths and 200,000 hospitalizations in the US, and that’s in a good year. The virus is continually evolving, so each year the strains look a bit different than they did the year before. Therefore we must continually update our vaccines. If you get infected one year, your immune system will be primed and better able to cope with infections in future years, even if the virus has evolved a little bit. Occasionally, though, very novel strains enter the human population from other animals.  It is thought that many influenza viruses jump from wild aquatic bird populations into domesticated pig populations and then spread humans who come into close contacts with infected pigs. When this happens, nobody has immunity, and many more people get sick. We call this a pandemic. Pandemics occurred three times in the 20th century. The first and most notorious pandemic was the Spanish Flu of 1918. It’s thought that 20 to 40 percent of the world population was infected and that over 20 million people died. Many people died very quickly. They would feel well in the morning become sick by noon, and die by nightfall. One of the unusual features of the Spanish flu was its ability to kill young adults between 20 and 50 years old. Most flu strains only have high fatality rates for infants, elderly, and immuno-compromised individuals. The severity of that virus has not been seen again.The 1957 Asian Flu Pandemic was less catastrophic than the Spanish Flu. It was quickly identified, and a limited supply of vaccines was quickly produced. Approximately 69,800 people in the U.S. died during the pandemic.In 1968, yet another novel strain entered the human population. The resulting pandemic -- the Hong Kong flu -- was even milder than the Asian flu, killing about 33,800 people in the U.S. There are several theories about its relatively mild impact: first, the virus was fairly similar to the Asian Flu virus, and therefore some people may have had some immunity against it; second, the peak of the pandemic occurred in December when children were out of school for the holidays, rather than September or October (as was the case in 1918 and 1957); third, improved medical treatments reduced the severity of illness and secondary infections.After the initial pandemic, these strains continue to evolve and circulate through the global population year after year. Our current seasonal outbreaks are strains of H1N1 and H3N2 influenza, descendants of the Spanish and Hong Kong pandemic strains.Today public health officials are very concerned about the possibility that a new avian strain H5N1 will evolve to be able to infect humans, and cause a global pandemic. Graph Source: http://www.umaine.edu/mcsc/MPR/Vol9No1/mills.htm
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Influenza is always present in shorebird populations, including H5N1. Why are we suddenly so afraid of it? Conditions have changed for poultry in recent years. Traditionally free-range farming has been replaced by large-scale confinement in incredibly dense conditions, as depicted here. Feeding operations stress the chickens' immune systems and make them susceptible to diseases like influenza. Once influenza enters a farm, it can spread like wildfire and become more virulent as it spreads. 
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Consequently, H5N1 is marching through poultry populations across the globe and occasionally infecting people along the way. Its spread may be influenced by migration patterns of shorebirds who carry the virus, although this is yet to be determined. Most of the infected people either work or live in close proximity to domesticated birds. Some have become seriously ill or even died, but none have directly infected other people. We fear that it may just be a matter of time before it evolves to be able to spread directly from human-to-human. If it does, we could face another pandemic, with potentially catastrophic levels of mortality. Thus epidemiologists around the globe are working to eliminate avian flu from poultry populations by killing large numbers of birds and preparing should human-to-human transmission of H5N1 evolve. Which brings us to tonight’s question, how can math help us fight diseases like avian flu?Avian Influenza infections in humans source:http://europa.eu.int/comm/health/ph_threats/com/Influenza/images/influenza.jpg
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Epidemiologists would like to know in advance how disease will spread through the population and what are the most effective strategies for controlling the spread of disease. The difficulty is that one cannot easily and ethically conduct controlled experiments to answer these questions. Obviously, one cannot intentionally introduce disease into two similar populations for the sake of comparing control strategies. Even if two almost identical outbreaks occur naturally (which is very unlikely), which one do you select for the lesser intervention? Math allows us to do these kinds of experiments virtually -- to create hypothetical populations with which we can study the spread of disease and the impact of various measures. 



“I simply wish that, in a matter which so closely concerns the 
wellbeing of the human race, no decision shall be made without 
all the knowledge which a little analysis and calculation can 
provide”

- Daniel Bernoulli 1760

1721

Smallpox in the 18th century …

• 3/4 of all people had been infected

• Typically caught in first 5 years of life

• Killed 20-30% of individuals infected

• 1/10 of all mortality due to smallpox 
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One of the earliest mathematical contributions to fighting disease was made in the 18th century by a Swiss mathematician named Daniel Bernoulli. In 1760 he wrote, “I simply wish that, in a matter which so closely concerns the wellbeing of the human race, no decision shall be made without all the knowledge which a little analysis and calculation can provide.”  In other words, we should use math to help us make good public health decisions. I mentioned earlier that smallpox has been around for thousands of years. In fact, around 1000 BC, a technique for immunizing against smallpox was developed in India. This technique, called variolation, involves taking smallpox scabs from from infected people, grinding them up, and then blowing them into the noses of healthy people. This incites an immune response that protects them against future exposure to the disease.  The problem with the technique is that it occasionally causes full-blown cases of smallpox which may result in further transmission of the disease and death. Smallpox was introduced into Europe in the 16th century. By the 18th century, 3/4ths of all people had been infected, most of those people were infected by age 5, 20-30% of infected children died from the disease, and 1/10th of all deaths were due to smallpox. In 1721, variolation was introduced into Europe. It was quite controversial, because of the small risk that a perfectly healthy child might end up dying from smallpox caused by the immunization procedure.Daniel Bernoulli use mathematics to show that the benefits of widespread variolation far outweighed these risks. He calculated that there would be a net gain in life expectancy if variolation was used to eradicate smallpox. This analysis motivated England to widely administer variolation in the 1750’s. Upon the development of the smallpox vaccine in 1796, England mandated the inoculation of all infants. Thanks to these efforts, smallpox was eradicated there by the end of the 19th century.



The 20th century … 

Compartmental models

Susceptible Infected Recovered
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In the 20th century, mathematical epidemiology exploded following the introduction of compartmental models. These models subdivide people into groups based on their disease status. In this example, an individual is either susceptible, infected or recovered. Mathematically, we can keep track of how many individuals are in each group as a disease spread through the population. For example, suppose one case of disease is introduced into a healthy population. That case may infect one or more susceptible people, who will then move from the susceptible group to the infected group. They in turn may infect more susceptible people. Infected people will eventually recover from disease and move from the infected group to the recovered group.



Will an outbreak lead to an epidemic?

Infection rate

Death

Susceptible Infected Recovered

Mortality + Recovery rate
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One question you can answer mathematically is whether an outbreak of one or a few cases will lead to a large epidemic. This is going to depend on the rate at which individuals are becoming infected compared to the rate at which they are leaving the infected group either by recovering or dying. We can calculate the ratio of those two rates.



R0 = > 1

Death

Infection rate
Mortality + Recovery rate

Reproductive ratio of the disease

Susceptible Infected Recovered
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That ratio is called the reproductive ratio of the disease. It tells us how quickly the disease is reproducing itself in the population. If the ratio is greater than one, that means that individuals are becoming infected faster than they are recovering or dying, thus the infected group will continue to grow in size leading to an epidemic. The higher the reproductive ratio, the harder it is to control the disease. 



Reproductive ratio of the disease

< 1

Death

Infection rate
Mortality + Recovery rate

R0 = 

Susceptible Infected Recovered
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If instead, the ratio is less than one, then new infections are occurring more slowly than death and recovery, and thus the outbreak is predicted to fizzle out before infecting many people.



Generation time ≈ 10 days

SARS and its Reproductive Ratio (R0)

Initial estimates for SARS:  R0 = 2.2 - 3.7

SARS spread 
unchecked in China 
for 120 days.

30,000-10,000,000
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Shortly after SARS spread out of China, some of the best mathematical epidemiologists used data from outbreaks in Singapore and Hong Kong to estimate the reproductive ratio of SARS. They estimated to be somewhere between 2 and 4. Another way to think about the reproductive ratio is as the number of secondary infections caused by a single infected person. For SARS, then, a typical infected person is expected to infect between 2 and 4 other people. The generation time is the time between an individual becoming infected and the same individual infecting others. We estimated that the average time between infections for SARS is roughly 10 days.Recall that SARS spread in China for four months before the rest of the world was aware of it and before China implemented strong intervention efforts. During those four months, the disease was therefore able to spread relatively unhindered. Let’s use the reproductive ratios to predict how many cases there should have been in China after four months. The first case would have produced between 2 and 4 cases during the first 10 days, each of those cases would have done the same and so on. At 120 days, a simple mathematical calculation tells us that there should have been between 30,000 and 10 million cases of SARS in China. Do you remember how many cases China reported for those four months? Only 782.



What’s wrong with these estimates?

They are based on data from hospitals and crowded apartment buildings
where people have unusually high rates of contact with each other.

Presenter
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So, what is wrong with the estimates of the reproductive ratio of SARS? They are based on data from hospitals and crowded apartment buildings where people have unusually high rates of contact with each other. There were probably much less dense conditions in rural China where SARS initially spread. The reproductive ratio -- the number of secondary infections -- depends on how many susceptible people an infected person contacts. The same disease will have a higher reproductive ratio in crowded settings that it will in un-crowded settings. 
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The spread of infections diseases depends on the activity patterns of individual people. Some individuals will be more at risk because of their work environment, mode of transportation, school environment, or choice of recreational activities. Others will be less vulnerable because of their daily activities or perhaps because there just aren’t a whole lot of other folks around.



What’s missing in traditional models?

Susceptible Infected Recovered
nurse

poet

teacher

infant
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The traditional models ignore this heterogeneity. They assume that all susceptible individuals are equally likely to encounter an infected individual and become infected and that all infected individuals are equally likely to encounter a susceptible individual and transmit disease. 



Susceptible Infected Recovered
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Which brings us finally to networks … There is a new approach to modeling the spread of infectious diseases, that explicitly considers variation in behavior. This cartoon illustrates the approach. Instead of lumping people into one big group, we allow them each to have different patterns of contacts. Suppose the blue circles are susceptible, the pink infected and the yellow recovered, and the lines represent contacts that may or may not lead to disease transmission. We see that two susceptible individuals can have very different risks.



Terminology

Node:
These represent people 

or places that can
become infected

Edge: contacts between nodes (people) 
that can lead to disease transmission

Degree: The number 
of edges coming out of 

a node

1
32

6
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We call the circles in the network “nodes”. They represent people or places that can become infected. The lines are called “edges”, and they represent contact between people that can lead to disease transmission. And the “degree” of a node is the number of edges coming out of it, in other words, the number of contacts an individual has. For example, this individual has only one contact and thus has degree equal to one, this individual has degree three, this one has degree two, and this one is a potential superspreader with six contacts.



Three step process

1. Build a realistic contact network

2. Predict the spread of disease through the network

3. Quantify the impact of intervention

What do we do with 
these networks?

Presenter
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There are three steps to contact network epidemiology. The first and most difficult step is to build a realistic contact network, that is, to quantify the patterns of interactions that actually take place in the real world. The second step is to use mathematics to predict the spread of disease through the network. And the third step is to use mathematics to quantify the impact of various public health interventions. I will discuss each of these steps with some brief examples from my own research that I’ve done in collaboration with public health officials in the US and Canada. First, building the network …



I. Building realistic networks

globe, country, state, metropolitan area, community, hospital, nursing 

home, school, military facility, prison, cruise ship, …

Presenter
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We are interested in predicting and controlling the spread of disease on many different scales from the entire globe, to a single country like the US, to a state, large metropolitan area, or smaller community. We may be interested in disease transmission within single facilities like hospitals, nursing homes, schools, military compounds, or cruise ships, and the list goes on. We’ve actually built networks on all the scales that I’ve highlighted in bold, and I’ll tell you about two of these networks now. We would like to know how air travel might contribute to the spread of disease. So we’ve built a model using information about the daily flux of passengers among all US cities and the time people spend in their travel destinations. In this network, the nodes are the 180 US cities with airports and the edges represent the probability that an outbreak in one city may lead to an outbreak in another city through air travel of infected individuals. The color of the edges represent the probability of city-to-city transmission. We’ve predicted the likelihood that each city will become infected if a disease sweeps across the US. This likelihood is indicated by the size of a city’s node. City’s with larger nodes are more at risk for outbreaks.



I. Building realistic networks

Hospital

Shop

Households

Work

School

Urban contact network 
School
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Scaling down, we also have developed network models of contact patterns in a city. We can build networks using census data for any city, and we have done so for Vancouver, British Columbia. We’ve developed these models with respiratory diseases like SARS and flu in mind. The first step is to, in a computer, create many households based on the size of the city and the reported distribution of household sizes. Then we give each person in a household an age, based on census data. We assume that any two people in the same household will have opportunities to spread disease to one another, and so we connect all individuals in the same household, forming completely connected sub-networks. Then we assign individuals (kids and teachers) to schools based on school districting information. To connect individuals at the same school directly to each other, we first break them into classrooms according to classroom size estimates. We then connect them to one another at higher rates if they are in the same classroom than if they are in different classrooms. We assign people to workplaces according to employment data and then connect a small fraction of people who work in the same location. We assign people to hospitals based on hospital bed occupancy and employment data, and, as with the schools, we divide those people into wards.  We consider a number of other locations at which people can contact each other, including their neighborhoods, which I’ve summarized with this last box, “Shop”.



Three step process

1. Build a realistic contact network

2. Predict the spread of disease through the network

3. Quantify the impact of intervention

What do we do with 
these networks?
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Once we have a network model, like the ones I just described, we use them to predict how disease will spread through the populations that they model.



II. Predicting epidemics: The idea

Percolation theory
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To do so, we imagine that disease enters the network at some node, and mathematically calculate where the disease will spread in the networks. To do this, we use methods that were developed originally by physicists about 50 years ago in a field called percolation theory. Percolation theory was developed to predict how a liquid would flow through some sort of material that has a bunch of open and closed channels. It tells us, for example, what configurations of channels allows the liquid to move all the way through the material. Disease transmission through a contact network is an analogous process. The disease is like the liquid and the contacts are like the channels.



1. Degree distribution: The frequency of each 
degree in the population

2. Transmissibility: The probability that an infected individual will transmit the disease 
to another individual on the opposite side of an edge

The Two Basic Ingredients
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II. Predicting epidemics: The math
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Presentation Notes
There are two basic ingredients to predicting the spread of disease on a network. The first tells us something about the structure of the network itself. The degree distribution is the frequency of each degree in the population. Here is the network we considered earlier. Recall that the degree of a node is the number of edges coming out of the node, as indicated next to each node. The degree distribution just tells us what fraction of nodes just have one contact. In this case, 3 of 30 or 10%. What fraction of nodes have two contacts? 7 of 30 or 23%. Three contacts?  11 of 30 or 37%. And so on.The second ingredient tells use something about the contagiousness of the disease. Transmissibility is the probability that an infected individual will transmit the disease to another individual on the opposite side of an edge. The probability of transmission along an edge may vary from one edge to the next depending on the age or health of the individuals or the nature of their contacts with each other.



Epidemic threshold - how contagious a pathogen must be to 
cause a large-scale epidemic

Size of a small outbreak

Probability of a large-scale epidemic

Size of a large-scale epidemic (should one occur)

Who gets infected?

Does it matter who gets sick first?

The changing structure of the network

II. Predicting epidemics

Basic epidemiological quantities:
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Based on those two ingredients, we can mathematically predict a number of important epidemiological quantities. For example, the epidemic threshold is how contagious a pathogen must be to cause a large-scale epidemic. This value will vary depending on the patterns of contacts in the network. The more highly connected a network, the more vulnerable it will be to epidemics. We can also predict the size of a small outbreak for diseases below the epidemic threshold; the probability of a large-scale epidemic for diseases above the epidemic threshold; the size of a large-scale epidemic, should one occur. We can also predict which demographic groups or individuals are most likely to become infected. We can determine how different starting conditions -- how many people and who exactly is in the initial outbreak -- impacts the fate of the outbreak. We can also calculate how the structure of the network will change as disease spreads through it during an epidemic.



What do we do with 
these networks?

Three step process

1. Build a realistic contact network

2. Predict the spread of disease through the network

3. Quantify the impact of intervention

Presenter
Presentation Notes
The final step is to apply the mathematical methods I just mentioned to evaluating disease control strategies.



Contact reducing 
interventions

Quarantine, cohorting, 
travel restrictions, etc.

Degree Old New

1 0.10 0.23

2 0.23 0.23

3 0.37 0.43

4 0.20 0.03

5 0.07 0.07

6 0.03 0

Three categories of intervention

III. Assessing control strategies
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There are three categories of intervention. The first category is “contact-reducing interventions”. These are control strategies that actually reduce the number of contacts that people have with each other. For example quarantine and cohorting remove infected people from the population and thereby prevent further contacts with susceptible people. Travel restrictions can likewise cut off opportunities for disease transmission. We model contact-reducing interventions by identifying the contacts that would be severed by the intervention and removing them from the network. This leaves us with a network with a different structure. We can use the new degree distribution to mathematically predict the fate of an outbreak and then compare the predictions to those for the original network to gauge the efficacy of the intervention.



Contact reducing 
interventions

Quarantine, cohorting, 
travel restrictions, etc.

Transmission reducing 
interventions

Face masks, hand washing, etc.

III. Assessing control strategies

Vaccination
Targeted, general, ring, etc.

Degree Old New

1 0.23 0.26

2 0.23 0.30

3 0.43 0.30

4 0.03 0.09

5 0.07 0.04

6 0 0

Three categories of intervention

Degree Old New

1 0.10 0.23

2 0.23 0.23

3 0.37 0.43

4 0.20 0.03

5 0.07 0.07

6 0.03 0
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The second category is “transmission-reducing interventions”. These include wearing face masks, regularly washing your hands, and taking other hygienic precautions that reduce the probability of transmission during contacts between susceptible and infected people. We model this by changing the weights of the edges in the network, that is, by reducing the probability of transmission along some or all of the edges in the network. Again we can make percolation predictions using the new transmission probabilities to evaluate the efficacy of a strategy.The third category is “vaccination”. There are a number of possible vaccination strategies including targeting specific demographics in the population, like children or general vaccination of an entire population. Ring vaccination is a strategy that is sometimes used when an outbreak is already underway. It involves vaccinating the contacts of people who are already infected, and sometimes also the contacts of those contacts. We model vaccination by removing vaccinated individuals from the network entirely, which leaves us with a new network. We predict the fate of an outbreak on the new network and then make comparisons to the original predictions.



Airport closures - ring strategy

Restricting nonessential travel

Airport screening

III. Evaluating Travel Restrictions
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There are several strategies epidemiologists have considered to prevent the long-range transmission of disease via air travel. The first is airport closures. Suppose a severe disease has started to spread in Los Angeles, and we would like to keep it contained. Then we might consider closing LAX and all nearby airports so that nobody can fly in or out of the region. Or we might consider, not only closing airports in the vicinity, but also any other airports in the country that are highly connected to LA, that is, that have a high probability of a transmission event from LA. This would be a ring strategy. In the case of LA, however, closing down the few airports that are most connected to LA is essentially closing down the entire country, because the list includes almost all of the major metropolitan areas. Another strategy is to ask for people to voluntarily abstain from nonessential travel. It’s estimated that 9% of all air travel is for family emergencies and 35% is for business. A third strategy is to institute disease screening in airports, which was done in major Canadian airports for SARS. They used thermal scanners to identify people with fever and had quarantine officers prepared to isolate suspected cases. Unfortunately this cost a lot of money and had little effect. We can use percolation methods to quantify the impact of each of these control strategies.



III. Evaluating Flu Vaccination Programs

Brian: Please replace this pict      
people waiting in line for a flu 
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I’m going to close tonight by showing how we can use network epidemiology to determine who to vaccinate against flu. In 2004, the US faced a flu vaccine shortage because of contamination of a major supply. The CDC immediately set vaccine priorities, giving the first doses to the people who are most at risk for developing serious illness or dying from flu: infants, elderly, immuno-compromised, health workers, and other people who interacted closely with those groups. Recently, however, a number of epidemiologists have advocated an alternative strategy: rather than directly vaccinating these high-risk groups, they propose that we target school children -- the people who are most likely to catch disease and spread it throughout the community.How does vaccinating children help to protect infants and elderly? Children often catch flu at school and then infect members of their household which may lead to a chain of transmission events that ultimately infects high-risk people. If children are vaccinated, then we may be able to break chains of transmission early on an indirectly protect high-risk individuals from ever being exposed.In general, we know that it is possible to achieve protection of a whole population by vaccinate only a part of it. This indirect protection of an entire population is known as herd immunity.Both flu vaccine strategies are intuitive -- protecting high-risk individuals directly or protecting them indirectly. To figure out which is more advisable, we used network epidemiology.



III. Evaluating Flu Vaccination Programs Hospital
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We compared the two strategies assuming that we only have enough vaccines to cover 20% of the population. The first strategy distributes vaccines to infants, elderly and health care workers in the proportions indicated in blue. Not all vaccinated individuals will be completely protected. Taking that into account, the gray bars show the fraction of each demographic that is effectively immunized by vaccine.The second strategy targets students and teachers in the proportions indicated in blue, covering each demographic as indicated in gray.
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III. Evaluating Flu Vaccination Programs Hospital
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Using the mathematical methods I just described, we predicted the fraction of people who will die in a typical seasonal epidemic. The x-axis in this graph is the transmissibility of flu, in other words, the contagiousness of the particular strain. The black line indicates mortality when there is no vaccination. Intuitively, the death rate is higher for more contagious strains. Targeting high-risk individuals effectively brings the death rate down, as indicated in red. The school-based strategy also makes an impact. These two mortality curves cross at a moderate level of contagiousness. This means that for mildly contagious strains, the school-based strategy will be more effective, but above this cross point, the CDC’s typical strategy of prioritizing high risk individuals is more advisable. We’ve also modified our model to consider these strategies against a strain like the one that caused the 1918 pandemic. As I mentioned earlier, the important difference is that Spanish Flu killed young adults at much higher rates than is typical for flu. The predictions are very similar. Both strategies curtail mortality, but the school-based strategy does better for mildly contagious strains while the CDC’s strategy is preferred for more highly contagious strains.The obvious question is, “How contagious is flu?” Unfortunately, the answer is that we don’t really know. These two orange lines represent the range of estimates we have for the contagiousness of flu. So what do we do?  Well, one option is to attempt to more precisely estimate the transmissibility of the flu strain in question as soon as it appears. If successful, one can determine exactly which strategy is predicted to be best. If not possible, this plot suggests to me that the high-risk strategy, in red, is the more conservative strategy as it is predicted to be increasingly more effective as the flu strain becomes more threatening, at high values of transmissibility.



What should the CDC and other health agencies do?

• If the contagiousness of the strain is known, select the best strategy

• If not, target high-risk individuals first

There’s no reason to rely on intuition alone.

III. Evaluating Flu Vaccination Programs Hospital
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Presentation Notes
So what should the CDC and other agencies do when we don’t have enough vaccines to go around? As I just said, if the contagiousness of the strain is known, we can select the most effective strategy. If it is not known, as is typically the case, we should target high-risk individuals first. In closing, tonight’s take home message is that there is no reason for public health officials to rely only on intuition when making critical decisions about infectious disease control. Mathematics can provide quantitative insights that save many lives.
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epidemiology. The Lauren Ancel Meyers Research Group applies network theory, 
agent-based simulation, and other quantitative tools to study the interplay 
between infectious disease transmission dynamics and the evolution of 
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Columbia Centre for Disease Control to develop mathematical models of the 
transmission of SARS coronovirus, and to use these models to predict its spread 
and determine effective interventions strategies in urban settings and hospitals, as 
well as across larger geographic scales.
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